The cultures from a sucrose-fed anaerobic acid reactor were dosed with 0, 60, 100, 200, 400, 800 and 1,500 mg/L, of a mixture of three Procion reactive dyes, Red MX-8B, Red MX-5B and Orange MX-2R, in order to study the colour removal and the toxic effect of the dyes on anaerobic acidification of sucrose. Sucrose undergoes a possible extracellular transformation into intermediate substances before being taken up by the acidogens for volatile fatty acid (VFA) synthesis. The rate and the extent of this uptake is unaffected by the presence of dyes. The dyes, however, reduced the rate of synthesis of VFA, and considerably diminished the VFA production potential of sucrose. The acidification stopped, likely due to an inhibition caused by VFA accumulation. As a result, only 50-60% of the soluble organic carbon was utilised for VFA synthesis. The removal of colour by the unacclimated anaerobic acidogenic biomass takes place by adsorption. However, Freundlich's adsorption constants did not suggest a favourable adsorption.
INTRODUCTION
Extensive research over the past few decades in the field of anaerobic biological treatment has significantly enhanced its potential for application to domestic and a wide variety of industrial wastewaters (Lettinga & Hulshoff Pol ; Frankin ) . Therefore, anaerobic bio-treatment has become a very popular option for treating wastewater.
Anaerobic degradation of complex wastewater and sludge digestion to methane and carbon dioxide takes place through different phaseshydrolysis, acidogenesis, acetogenesis and methanogenesis (van Haandel & Lettinga ), taking place simultaneously in the reactors, and are brought about by different microbial consortia exhibiting complex symbiotic relationships. The acidogenic phase of the anaerobic digestion, prior to methane formation, was identified in the early twentieth century, but it was only in the mid 1960s that engineered phase-separation, as a method of increasing the overall efficiency of the performance, was realized (Alexiou & Panter ) . Through the pioneering works of Pohland & Ghosh () this assumption was proved, and firmly established by Fox & Pohland () , Fongsatitkul et al. (a, b) and a host of other researchers. Comprehensive reviews on the application of phase-separation in wastewater treatment are available in literature (Alexiou et al. ; Demirel & Yenigun ; Ke et al. ). Phase-separation or, in other words, two-phase system, involves running two reactors in series at different operating conditions. The main advantage of this system over a conventional single-phase system is that the first reactor of the two-phase system acts as a pre-treatment unit by detoxifying and acidifying the influent waste-stream, thereby preventing more sensitive methane formers in the second reactor from coming in direct contact with the toxic waste. As a result, the capa-a better effluent quality than single-phase systems under similar loadings.
The application of two-phase treatment to dye wastewaters is relatively rare. Chinwetkitvanich et al. () treated a reactive dyebath effluent in a two-phase setup consisting of a complete-mix stirred tank, acting as an acid reactor, and an upflow anaerobic sludge blanket (UASB) methane reactor in series. They studied decolourisation in the acidification phase of anaerobic digestion and the effect of an external source of carbon on decolourisation. Chinwetkitvanich et al. () concluded that an optimum external carbon supplement could enhance the decolourisation capacity of the process and that the strictly anaerobic methane forming bacteria were not the only microorganisms responsible for the decolourisation. The acid forming bacteria may also have some role in the process. Talarposhti et al.
() treated a synthetic wastewater containing basic dyes in laboratory scale reactors. The reactors they used were a complete-mix stirred tank acid reactor followed by an upflow anaerobic filter. The acidogenic phase was able to remove 40% of the influent dye concentration, which was 1,000 mg/L, at an organic loading rate of 1.5 kg COD/m 3 -d. The mathematical form of Freundlich's isotherm is given by the following equation:
where C e ¼ equilibrium solute concentration (mg/L); x/m ¼ mass of adsorbate adsorbed per unit mass of adsorbent (mg/g); 1/n ¼ Freundlich intensity parameter; K f ¼ Freundlich capacity factor (mg adsorbate/g adsorbent)(L water/mg adsorbate) 1/n .
MATERIALS AND METHODS

Experimental setup
Master culture reactor
The seed culture used in the batch study was obtained from a 3.8-L capacity master culture reactor (MCR). The MCR, in turn, was inoculated with a sludge obtained from an anaerobic up-flow acid reactor (Bhattacharyya ) . A conical flask with a side-tube constituted the vessel of the MCR. A magnetic stirrer bar was added to the flask, stoppered, and mounted on a magnetic stirrer to provide adequate mixing (150 rpm). The influent was pumped into the reactor by means of Masterflex peristaltic pumps (0-100 rpm). Figure 1 shows the schematic of the reactor setup.
A synthetic feed (chemical oxygen demand (COD) ¼ 
RESULTS AND DISCUSSION
Decolourisation Figure 2 shows the removal of dyes with time in the mixed liquor of the batch test bottles by acidogens. The figure
shows an instantaneous reduction of colour followed by a gradual increase. This trend was noticed at all dye dosages. 
Concentrations of dyes in mixed liquors became steady after
;
Aydin & Baysal ). The value of n was found to be 0.866, which indicates that adsorption is not favourable.
However, in treatment plants, where a considerable volume of sludge is wasted, a significant amount of colour is expected to be removed by adsorption on to the biomass.
The Langmuir isotherm, which is derived from rational considerations, did not fit the data well for the present study, and hence, is not shown. 
Sucrose degradation
The residual dye in the samples were converted into its TOC equivalent using Equation (2) that was produced during the test at all doses of dyes. However, the rate of production was found to decrease with increasing dosage. The dyes also caused a noticeable lag in acid production at the 400 mg/L dose and above. At the 800 and 1,500 mg/L doses propionic acid accumulated, which is a sign of bacterial stress (Marchaim & Krause ) . At the 1,500 mg/L dose, acetic acid production was almost totally suppressed during the test period. Butyric acid did not show any significant accumulation in the batch reactors.
The microbial product formation with time has been found to follow a sigmoid or population growth curve on many occasions (Gaden ). The net acid production at any instant can be calculated by subtracting the total acid at the beginning of the test from the total acid in the mixed liquor at that instant. A sigmoid curve, given by Equation (3), was fit to the net acid production data (Figure 7 (a)-(d))
for doses 0, 60, 100 and 200 mg/L to estimate the maximum possible acid production (mg/L) under test conditions.
where M, N and Z are constants.
For higher doses (400 mg/L and above) curve fitting was not done due to insufficient data points in the log phase. The exact reason for such behaviour is unknown. The sigmoid curves were fit to the data assuming no significant VFA production in the first 12 h of the experiment. Table 1 shows the values of the constants M, N and Z for different dye doses at 95% confidence interval (CI). The constant M gives an estimate of the maximum possible acid production (mg/L) under test conditions. The dyes caused a decrease in acid production potential. The rate and extent of this uptake is unaffected by the presence of dyes. The dyes, however, reduced the rate of synthesis of VFA, and considerably diminished the VFA production potential of sucrose. The acidification stopped, likely due to an inhibition caused by VFA accumulation.
Phases
As a result, only 50-60% of the SOC is utilised for VFA synthesis.
